Tissue perfusion and oxygenation with blood substitutes.
As an alternative to transfusion of red blood cells, intravenously (iv) administered artificial oxygen (O(2)) carriers are intended to increase the reduced O(2) carrying capacity of blood in the case of acute severe anemia, i.e. hemorrhagic shock or extreme normovolemic hemodilution (ANH). Actually, two groups of artificial O(2) carriers are investigated: ultrapurified, stroma-free hemoglobin solutions (SFH) of human or bovine origin and synthetically produced perfluorocarbons (PFC). SFH may be administered in large amounts and are suitable for 1:1 replacement of blood losses in case of hemorrhage as well as for isovolemic exchange of blood during ANH. In both situations SFH solutions effectively restore (hemorrhagic shock) and maintain (extreme ANH) tissue oxygenation despite extremely low hematocrit values. The vasopressor property of the isolated Hb molecule leads to a species-dependent (rodent>pig>human) increase in systemic and pulmonary vascular resistance, but leaves overall distribution of cardiac output uninfluenced. Due to the particulate nature of PFC emulsions, iv administration has to be restricted to small doses (3-4.5 ml/kg body weight for the actually investigated 60% w/v perflubron emulsion) in order to avoid overload of the reticuloendothelial system. Thus PFC emulsions are unsuitable for isovolemic blood replacement in hemorrhagic shock or ANH. Low-dose iv PFC administration in already hemodiluted subjects, however, creates an additional margin of safety to guarantee adequate tissue oxygenation which allows for further, extreme ANH, without risking tissue hypoxia.